Structural determinants of active site binding affinity and metabolism by cytochrome P450 BM-3.
The determinants of the regio- and stereoselective oxidation of fatty acids by cytochrome P450 BM-3 were examined by mutagenesis of residues postulated to anchor the fatty acid or to determine its active site substrate-accessible volume. R47, Y51, and F87 were targeted separately and in combination in order to assess their contributions to arachidonic, palmitoleic, and lauric acid binding affinities, catalytic rates, and regio- and stereoselective oxidation. For all three fatty acids, mutation of the anchoring residues decreased substrate binding affinity and catalytic rates and, for lauric acid, caused a significant increase in the enzyme's NADPH oxidase activity. These changes in catalytic efficiency were accompanied by decreases in the regioselectivity of oxygen insertion, suggesting an increased freedom of substrate movement within the active site of the mutant proteins. The formation of significant amounts of 19-hydroxy AA by the Y51A mutant and of 11,12-EET by the R47A/Y51A/F87V triple mutant, suggest that wild-type BM-3 shields these carbon atoms from the heme bound reactive oxygen by restricting the freedom of AA displacement along the substrate channel, and active site accessibility. These results indicate that binding affinity and catalytic turnover are fatty acid carbon-chain length dependent, and that the catalytic efficiency and the regioselectivity of fatty acid metabolism by BM-3 are determined by active site binding coordinates that control acceptor carbon orientation and proximity to the heme iron.